EP 3 045 585 A2

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(43) Date of publication:
20.07.2016 Bulletin 2016/29

(21) Application number: 16157831.5

(22) Date of filing: 04.12.2013

(11) EP 3 045 585 A2

EUROPEAN PATENT APPLICATION

(51) IntCl:
D21F 1/00 (2006.07 B29C 65/08 (2006.01)
B29C 65/74(2006.01) B29C 65/00 (2006.01)
DOGH 5/00 (2006.07

(84) Designated Contracting States:
AL AT BE BG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILT LULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR

(30) Priority: 28.12.2012 US 201213730101

(62) Document number(s) of the earlier application(s) in
accordance with Art. 76 EPC:
13811706.4 / 2 938 779

(71) Applicant: Albany International Corp.
Rochester, NH 03867 (US)

(72) Inventors:
¢ BOTELHO, Joseph P.
Lincoln, R1 02856 (US)

¢ LASKORSKI, Victor P.
N. Attleborough, MA 02760 (US)
¢ MASTIN, James P.
Rochester, NH 03867 (US)
« RADEMAN, Jennifer L.
Pittsville, Wl 54466 (US)

(74) Representative: Bugnion Genéve
Bugnion S.A.
Case Postale 375
1211 Genéve 12 (CH)

Remarks:

This application was filed on 29.02.2016 as a
divisional application to the application mentioned
under INID code 62.

(54) INDUSTRIAL FABRIC

(67)  Anindustrial fabric having a length and a width,
the fabric comprising a first edge (10) of the fabric over-
lapped with a second edge (12) of the fabric by a prede-
termined distance, wherein at least a portion of the over-

100

lapped area is welded using ultrasonic energy, and
wherein the welded area has a texture or pattern similar
to that of the fabric body.

20

22

Fig. 2(a)

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 045 585 A2 2

Description
FIELD OF THE INVENTION

[0001] The present invention relates to industrial fab-
rics, and more specifically to a method for welding seam
area of an industrial fabric using ultrasonic welding.

INCORPORATION BY REFERENCE

[0002] All patents, patent applications, documents
and/or references referred to herein are incorporated by
reference, and may be employed in the practice of the
present invention.

BACKGROUND OF THE INVENTION

[0003] During the papermaking process, a cellulosic
fibrous web is formed by depositing a fibrous slurry, that
is, an aqueous dispersion of cellulose fibers, on a moving
forming fabric in the forming section of a paper machine.
Alarge amount of water is drained from the slurry through
the forming fabric, leaving the cellulosic fibrous web on
the surface of the forming fabric.

[0004] The newly formed cellulosic fibrous web pro-
ceeds from the forming section to a press section, which
includes a series of press nips. The cellulosic fibrous web
passes through the press nips supported by a press fab-
ric, or, as is often the case, between two such press fab-
rics. In the press nips, the cellulosic fibrous web is sub-
jected to compressive forces which squeeze water there-
from, and which adhere the cellulose fibers in the web to
one another to turn the cellulosic fibrous web into a paper
sheet. The wateris accepted by the press fabric or fabrics
and, ideally, does not return to the paper sheet.

[0005] The papersheetfinally proceeds to adryer sec-
tion, which includes at least one series of rotatable dryer
drums or cylinders, which are internally heated by steam.
The newly formed paper sheet is directed in a serpentine
path sequentially around each in the series of drums by
adryerfabric, which holds the paper sheet closely against
the surfaces of the drums. The heated drums reduce the
water content of the paper sheet to a desirable level
through evaporation.

[0006] It should be appreciated that the forming, press
and dryer fabrics all take the form of endless loops on
the paper machine and function in the manner of con-
veyors. It should further be appreciated that paper man-
ufacture is a continuous process which proceeds at con-
siderable speed. That is to say, the fibrous slurry is con-
tinuously deposited onto the forming fabric in the forming
section, while a newly manufactured paper sheet is con-
tinuously wound onto rolls after it exits from the dryer
section.

[0007] It should also be appreciated that the vast ma-
jority of forming, press and dryer fabrics are, or at least
include as a component, a woven fabric in the form of an
endless loop having a specific length, measured longitu-

10

15

20

25

30

35

40

45

50

55

dinally therearound, and a specific width, measured
transversely thereacross. Because paper machine con-
figurations vary widely, paper machine clothing manu-
facturers are required to produce forming, press and dry-
er fabrics to the dimensions required to fit particular po-
sitions in the forming, press and dryer sections of the
paper machines of their customers. Needless to say, this
requirement makes it difficult to streamline the manufac-
turing process, as each fabric must typically be made to
order.

[0008] The woven base fabrics themselves take many
different forms. For example, they may be woven end-
less, or they may be flat woven using one or more layers
of machine direction ("MD") and cross-machine direction
("CD") yarns, and subsequently rendered into endless
form with a woven seam. Alternatively, they may be pro-
duced by a process commonly known as modified end-
less weaving, wherein the widthwise edges of the base
fabric are provided with seaming loops using the MD
yarns thereof. In this process, the MD yarns weave con-
tinuously back-and-forth between the widthwise edges
of the fabric, at each edge turning back and forming a
seaming loop. A base fabric produced in this fashion is
placed into endless form during installation on a paper-
machine, and for this reason is referred to as an on-ma-
chine-seamable fabric. To place such a fabric into end-
less form, the two widthwise edges are brought together,
the seaming loops at the two edges are interdigitated
with one another, and a seaming pin or pintle is directed
through the passage formed by the interdigitated seam-
ing loops.

[0009] In any event, the woven base fabrics are in the
form of endless loops, or are seamable into such forms,
having a specific length, measured longitudinally there-
around, and a specific width, measured transversely the-
reacross. Because paper machine configurations vary
widely, paper machine clothing manufacturers are re-
quired to produce press fabrics, and other paper machine
clothing, to the dimensions required to fit particular posi-
tions in the paper machines of their customers and there-
fore each fabric must typically be made to order.

[0010] Fabrics in modern papermaking machines may
have a width of from 5 feet to over 33 feet, a length of
from 40 feet to over 400 feet and weigh from approxi-
mately 100 pounds to over 3,000 pounds. These fabrics
wear out and require replacement. Replacement of fab-
rics often involves taking the machine out of service, re-
moving the worn fabric, setting up to install a fabric and
installing the new fabric. While many fabrics are endless,
many of those used today are on-machine-seamable.
Installation of the fabric includes pulling the fabric body
onto a machine and joining the fabric ends to form an
endless belt.

[0011] Seams have presented significant problems in
the function and use of industrial fabrics or belts in pa-
permaking as well as nonwoven production, for example.
They have a thickness, or caliper, that is different from
that of the industrial fabric edges the seam is joining, and
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variations in caliper thickness between the seam and the
fabric edges can lead to marking of the product carried
on the belt. Seam failure may also result if the seam area
has a greater caliper than the fabric edges as the seam
becomes exposed to machine components and resulting
abrasion or friction. If the belt is permeable to fluids (air
and/or water), permeability/porosity differences in the
seam area versus the body of the fabric can also cause
objectionable marking of the products being made using
the fabrics, or other operational problems.

[0012] Therefore, whether the industrial fabric is a
forming, press, dryer, through-air-drying (TAD) or an en-
gineered-fabric used to produce nonwovens by process-
es such as meltblowing, spunbonding or hydroentan-
gling, or for wet processes such as a DNT belt or sludge
filter belt or the like, or textile finishing belts, the properties
of seam uniformity and integrity are critical.

[0013] Fabric seam terminations or the ends of the
yarns that are interlaced or interwoven to form the seam
are susceptible to pulling back when run on a paper, pa-
perboard or tissue/towel or other industrial machines
when the fabric is subjected to machine direction (MD)
tension. To minimize this seam "pullback”, the terminal
ends of the yarns in the seam are conventionally bonded
to an adjacent yarn with an adhesive. However, adhe-
sives are not fully resistant to the machine running con-
ditions, and still allow for pullbacks or yarn slippage to
occurovertime. Likewise, the use of adhesives with other
reinforcement means such as sewing terminal ends of a
paper machine clothing (PMC), TAD or engineered fabric
does not produce the desired seam integrity or uniformity
either.

[0014] Inaddition, the width of the seam area, as meas-
ured in the MD, formed using conventional techniques
typically range, for example, anywhere between three
and one half to twenty inches or even more. Therefore,
for many reasons, it is desirable to reduce the MD length
of this seam area.

[0015] FIGS. 1(a-d) show the problems associated
with conventional seam formation techniques for a TAD
fabric, for example, wherein the terminating ends of the
two fabric edges are rewoven into the fabric, "overlapped"
in the seam area and the critical points 512, where these
ends might "pullback" in the MD and the ends themselves
might protrude through the paper side surface, are iden-
tified (FIG. 1a). Eventually, the slippage in the overlap-
ping area increases as shown by the arrows due to in-
creased localized stresses in the fabric (FIG. 1b) and
there is a complete slippage and a hole 516 appears in
the seam area of the fabric (FIG. 1c). Accordingly the
overlap region of the seam is typically reinforced by man-
ually gluing 518 (FIG. 1d) to increase its strength; how-
ever, gluing is a laborious and time consuming process.
Due to its low precision, it is also hard to limit the glue to
only the overlapping yarns. In addition, the glue eventu-
ally either fails due to flexing of the fabric and/or abrasion
as the fabric is run on the paper machine.

[0016] Accordingly, there is a need for a different or
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improved means of strengthening seam yarn end termi-
nations, and consequent seam strength.

[0017] One possible technique for strengthening seam
yarn end terminations for fabrics is thermal welding, such
as ultrasonic welding. Ultrasonic refers to sounds that
are above the range of human hearing, i.e. > 20,000 Hz,
and ultrasonic welding refers to the fusing of materials
using sound waves. Many attempts have been made to
use ultrasonic energy to join fabrics edges together, i.e.
to join lengths of fabric into endless forms to produce an
endless belt.

[0018] However, unacceptable seam formation results
often arise from ultrasonic welding such as excessive
melting of the yarns, reduced seam permeability, and
distortions in the fabric due to localized yarn shrinkage,
all stemming in part from the fact that conventional ultra-
sonic welding is based on modifying multiple parameters
of time, energy and distance.

SUMMARY OF THE INVENTION

[0019] Therefore, there is still a need in the art for a
means of creating fabric seams with acceptable surface
smoothness, uniformity, porosity, openness, strength,
and durability, which is applicable to a broad range of
fabric types.

[0020] Accordingly, the present invention is a method
for bonding one fabric edge to another fabric edge using
ultrasonic energy. The fabric is woven from MD and CD
yarns of a synthetic polymeric resin. The MD and CD
yarns in the CD edges of the flat woven fabric can be
rewoven to form a seam area, and the seam area can
be exposed to ultrasonic energy, bonding MD yarn ends
to each other and/or to one or more CD ends to form an
endless fabric or belt.

[0021] In another embodiment, a length of flat-woven
fabric with two CD edges can have each CD edge of the
fabric, which contains these same MD and CD yarns,
overlapped with one another for some distance inthe MD
and bonded to form the flat-woven fabric into an endless
fabric or belt.

[0022] The two CD edges of the flat woven fabric may
also be folded back upon the fabric body at each end.
Some CD yarns may be raveled out, exposing lengths
of the MD yarns, which can form loops. The loops from
each CD fabric edge are then interdigitated with each
other to form a channel, and a pin or pintle is inserted
into the channel to form a seam. The seaming loops can
be formed by folding back a length of the fabric at each
CD edge around a pin, raveling out a plurality of CD yarns
at the fold such that when the fabric end is folded back
the raveled area allows the MD yarns to form loops, and
the fold back fabric length is attached to the body by
ultrasonic welding described above. The fold back can
be in the range of 5-30cm. The fold-back seam may be
used to secure seaming coils (one or one to each edge)
inserted between the MD yarn loops, and connected with
pins or pintles to form a spiral link seam. In either case,
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the fold back area may be bonded to the fabric body prior
to interdigitating of the loops through the practice of the
present invention.

[0023] Alternatively, the seam for flat woven fabrics
may be formed as a "pin seam," as known to those skilled
in the art, which requires reweaving of MD yarns into the
fabric body at each CD edge, and forming loops at each
CD edge. The loops from each CD edge are then inter-
digitated with each other and a pin or pintle is inserted
into the space to form a pin seam. In the alternative, spiral
coils can be connected to the loops via pintles or pins,
forming spiral link seams, as known to those skilled in
the art. Such fabrics can also be improved by the ultra-
sonic welding technique described herein. In such
seams, the MD yarns which form the seam loops them-
selves can be welded or fused to the CD yarns prior to
interdigitating of the loops to prevent them from pulling
out under operating tension in use.

[0024] Further, spiral winding of strips of woven mate-
rial requiring edge to edge seams, which are described
in detail in U.S. Patent No. 5,360,656, the entire content
of which is incorporated herein by reference, may also
be improved by the ultrasonic welding technique de-
scribed herein.

[0025] The present invention may be distinguished
from the prior art by the control exercised over the length
of time during which ultrasonic energy is applied to the
fabric layers being bonded to one another, and over the
pressure placed thereupon by the horn supplying the ul-
trasonic vibrations.

[0026] One embodiment of the present method com-
prises the steps of providing an ultrasonic welding appa-
ratus having a textured horn for delivering ultrasonic en-
ergy to the seam area of a flat woven fabric and of pro-
viding an anvil, textured or not, toward and against which
the horn may be moved to clamp the two fabric layers
together for bonding. Both the horn and the anvil may be
appropriately textured, or just the horn or the anvil.
[0027] In the practice of this embodiment the method,
the two fabric edges are placed, one atop the other, on
the anvil, and the horn is moved toward the two over-
lapped fabric edges on the anvil.

[0028] The horn is activated to deliver ultrasonic ener-
gy to the two overlapped fabric edges when the force
with which the horn clamps them against the anvil reach-
es a preselected level. The force is increased over this
preselected trigger force while the horn delivers ultrason-
ic energy to the two overlapped edges, melting and fusing
the yarns from which they are woven to the degree nec-
essary. The horn is deactivated to stop the delivery of
ultrasonic energy therefrom when it reaches a preselect-
ed distance from the anvil. The force applied by the horn
against the two overlapped fabric edges is then main-
tained for a preselected hold time to allow the molten
polymericresin material of the yarns to cool and to harden
under compression. Finally, the horn is pulled back from
the two overlapped fabric edges and anvil, revealing the
seam area of the now endless fabric.
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[0029] In practice, the two fabric edges are bonded to
one another by repeating the steps described above a
plurality of times, since the fabric layers being bonded to
one another are typically much wider in the CD than the
width of the ultrasonic horn/anvil apparatus. Accordingly,
to perform a seaming operation, for example, the two
overlapped fabric edges must be bonded together in in-
crements equal in width to that of the horn/anvil, with any
overlap between adjacent increments being kept to a
minimum. This will require the apparatus to be moved,
relative to the overlapped fabric edges, a distance equal
to the width of the apparatus after each apparatus width
section of the seam being formed has been bonded. The
process mustbe repeated as many times as is necessary
to move the apparatus, in steps equal to its width, across
the width of the fabric.

[0030] The present invention may be applied in the
seaming of fabrics into endless loops for use as industrial
belts in the production of paper, board and similar prod-
ucts. For example, belts used on the double nip thickener
(DNT) may be seamed in accordance with the present
invention. Belts for any twin wire press for processing
pulp and/or sludge, or any other material that must have
its solids content raised by fluid removal, may be seamed
through the practice of the present invention.

[0031] The present invention may also be applicable
in creating a seam in a through-air-dryer (TAD) fabric, an
engineered fabric for the production of nonwovens, a cor-
rugator belt, or a fabric/belt used for textile finishing proc-
esses or a tannery processing belt. This disclosure ad-
dresses the need to make seams in paper machine cloth-
ing or any other fabrics where itis desirable that the seam
area is as much like or identical to the body of the fabric
as possible in terms of both texture as well as permea-
bility to air and/or water. These seams could be in ma-
chine direction ("MD"), cross-machine direction ("CD"),
or spiral along the length of the fabric.

[0032] Accordingly, one embodiment of the presentin-
vention is a method for seaming an industrial fabric hav-
ing a length and a width, the method including the steps
of: overlapping a first edge of the fabric with a second
edge of the fabric by a predetermined distance, placing
at least a portion of the overlapped edges between an
ultrasonic horn and an anvil, and welding the portion of
the overlapped edges by applying ultrasonic energy for
a predetermined length of time or until a predetermined
amount of energy is absorbed by the portion being weld-
ed, wherein a fabric contacting surface of the horn and/or
anvil is textured or patterned.

[0033] According to one embodiment, the predeter-
mined distance can be 20 cm or less, 10cm or less, or
preferably 5cm or less. The texture or pattern can be an
impression mirroring or mimicking a weave pattern of the
fabric. The fabric may be produced by interweaving a
plurality of warp yarns with a plurality of weft yarns. The
fabric may be a flat woven fabric or a fabric produced by
spiral winding a fabric strip of woven yarn material. Al-
ternatively, the fabric can be a fabric comprising flat wo-
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ven strips of material with MD seams in adjacent edges
of parallel loops of the fabric. The parallels loops can
have CD seam areas, which can be aligned or staggered
in the MD.

[0034] According to one embodiment of the invention,
the method may include the steps of unraveling one or
more yarns from one or both edges of the fabric before
overlapping the edges. The method may also include the
step of adding one or more monofilaments, multifilament
yarns, ribbons or tapes on the horn and/or anvil side of
the fabric before welding the two edges. The horn and/or
the anvil may have a raised portion adapted to contact a
fabric surface. The horn and/or anvil may have one or
more grooves to hold the "added in" one or more mono-
filaments, multifilament yarns, ribbons or tapes. The first
and second edges of the fabric can be widthwise edges
or lengthwise edges.

[0035] According to one embodiment of the invention,
the method may include the step of: creating one or more
through holes or voids in the welded portion of the fabric.
The one or more through holes or voids may be created
by laser drilling or mechanical punching.

[0036] The invention according to one embodiment is
an industrial fabric having a length and a width, the fabric
including: a first edge of the fabric overlapped with a sec-
ond edge of the fabric by a predetermined distance,
wherein at least a portion of the overlapped edges is
welded, and wherein the welded portion has a texture or
pattern. The predetermined distance can be 20 cm or
less, 10cm or less, or preferably 5cm or less. The fabric
can be one of: papermachine fabrics (PMC), TAD fabrics,
engineered fabrics and belts for the production of non-
wovens, sludge dewatering, pulp dewatering fabrics
used for textile finishing processes including calendering
or hide tanning, and cor-ugators belts.

[0037] According to one embodiment, the texture or
pattern can be an impression mirroring or mimicking a
weave pattern of the fabric yarns. The fabric may be pro-
duced by interweaving a plurality of warp yarns with a
plurality of weft yarns. The fabric may be a flat woven
fabric or a fabric produced by spiral winding a fabric strip
of woven yarn material. Alternatively, the fabric can be a
fabric comprising flat woven strips of material with MD
seams in adjacent edges of parallel loops of the fabric.
The parallels loops can have CD seam areas, which can
be aligned or staggered in the MD.

[0038] One or more yarns in one direction may be un-
raveled from one or both edges of the fabric before weld-
ing. Additionally, one or more monofilaments, multifila-
ment yarns, ribbons or tapes can be added in a direction
parallel to the raveled out yarns before welding. The first
and second edges of the fabric can be widthwise edges
or lengthwise edges.

[0039] According to one embodiment, the fabric may
include one or more through holes or voids in the welded
portion of the fabric. The one or more through holes or
voids can be created by laser drilling or mechanical
punching. The air and/or water permeability of the welded
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portion of the fabric can be similar or same as that of the
rest of the fabric body.

[0040] By eliminating the shortcomings associated
with conventional ultrasonic welding, the ultrasonic weld-
ing technique of the present invention is able to achieve
fabric seams with increased strength, increased durabil-
ity and/or useful fabriclife, and seam texture and air/water
permeability the same as or similar to that of the body of
the fabric.

[0041] One exemplary embodiment of the present in-
vention is an industrial fabric or belt for the forming, press
and dryer sections, including a through air dryer (TAD),
of a paper machine. The fabric or belt of the present in-
vention may also be used as a component of a sheet-
transfer, long nip press (LNP) or calender belt, or as other
industrial process belts, such as corrugator belts. The
fabric may also be used as part of a textile finishing belt,
such as a sanforizing belt or tannery belt, for example.
Moreover, the fabric of the invention may be used in other
industrial settings where industrial belts are used to de-
water a material. For example, the fabric may be used in
a pulp-forming or pulp-pressing belt, in a belt used to
convey and/or dewater recycled paper during the deink-
ing process, such as a dewatering belt on a double-nip-
thickener (DNT) deinking machine; or in a sludge dewa-
tering belt. The inventive fabric may also be used in a
belt and/or sleeve used in the production of nonwovens
by processes such as airlaid, spunbonding, melt blowing
or hydroentangling.

[0042] Whilethe term fabric, industrialfabric, and fabric
structure are primarily used in this disclosure, fabric, belt,
conveyor, and fabric structure are used interchangeably
to describe the structures of the present invention.
[0043] The various features of novelty which charac-
terize the invention are pointed out in particularity in the
claims annexed to and forming a part of this disclosure.
For a better understanding of the invention, its operating
advantages and specific objects attained by its uses, ref-
erence is made to the accompanying descriptive matter
in which preferred, but non-limiting, embodiments of the
invention are illustrated in the accompanying drawings
in which corresponding components are identified by the
same reference numerals.

[0044] Terms "comprising" and "comprises" in this dis-
closure can mean "including" and "includes" or can have
the meaning commonly given to the term "comprising"
or "comprises"in U.S. Patent Law. Terms "consisting es-
sentially of or "consists essentially of"if used in the
claims have the meaning ascribed to them in U.S. Patent
Law. Other aspects of the invention are described in or
are obvious (and within the ambit of the invention) from
the following disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] The present invention will now be described in
more complete detail with reference being made to the
figures wherein like reference numerals denote like ele-
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ments and parts, which are identified below.

FIGS. 1(a) - 1(d) illustrate drawbacks of the use of
conventional methods for seaming certain industrial
fabrics;

FIGS. 2(a) - 2(d) illustrate steps involved in a method
of ultrasonic welding according to one embodiment
of the present invention;

FIG. 3 is one example of fabric prepared using the
ultrasonic welding according to one aspect of the
present invention;

FIGS. 4(a) - 4(g) illustrate steps involved in a method
of ultrasonic welding according to one embodiment
of the present invention;

FIGS. 5(a) - 5(b) illustrate steps involved in a method
of ultrasonic welding according to one embodiment
of the present invention;

FIG. 6 illustrates cross-sectional view of one ultra-
sonic horn/anvil;

FIGS. 7(a) - 7(f) illustrate steps involved in a method
of ultrasonic welding according to one embodiment
of the present invention;

FIGS. 8(a) - 8(e) illustrate steps involved in a method
of ultrasonic welding according to one embodiment
of the present invention; and

FIGS. 9(a) - 9(c) illustrate steps involved in a method
of ultrasonic welding according to one embodiment
of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0046] Turning now to the figures, Fig. 2(a) is a sche-
matic showing a step involved in a method for seaming
an industrial fabric according to one embodiment of the
present invention. Base fabric 100 of the industrial fabric
can be a flat woven fabric, for example, wherein warp
yarns 16 are interwoven with weft yarns 14 to form a
fabric having a length and two widthwise edges 10, 12.
Any of the weave patterns known to one of ordinary skill
in the art may be used in weaving base fabric 100.
[0047] Atfter the base fabric is woven, fabric edges 10,
12 are brought together and placed between an ultrason-
ic horn 20 and an anvil 30 to be welded, as shown in Fig.
2(a), for example. The overlap of the edges 10, 12 can
be 20cm or less, 10cm or less, or preferably 5cm or less.
Either the horn 20 or the anvil 30 or both may have tex-
tured surface 22, 32, or a pattern formed thereon such
that the surface 22, 32, mirrors the weave pattern within
the body ofthe base fabric 100. That is to say the textured
surface may be configured in such a manner that it takes
the shape of the weave pattern of the fabric being welded.
The texture may include a plurality of raised portions as
well as a plurality of depressions mirroring the weave
pattern within the body of the base fabric.

[0048] The depth of the weld may be controlled by, for
example, setting a mechanical stop or utilizing other
means to control a distance between the horn and the
anvil, placing the fabric to be welded between the horn
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and anvil; and welding a portion of that fabric using ul-
trasonic energy until the horn reaches the predetermined
depth then continuing to weld at that depth for a prede-
termined length of time or until a predetermined amount
of energy is absorbed.

[0049] A mechanical stop (not shown) may be used to
control the closest distance the horn can get to the anvil.
In other words, the mechanical stop dictates the depth
to which the ultrasonic horn can penetrate into the fabric
being welded. This distance between the horn and anvil
is the gap. Once the horn reaches a mechanical stop, it
continues to weld at that distance for whatever time or
energy specified with no further loss of fabric caliper. The
material is being held under compression when the ul-
trasonic energy is applied. The task, however, is to con-
trol the depth of penetration of the horn or the depth of
penetration of the anvil. In either case, the distance be-
tween the anvil and the horn tip determines the depth of
the weld and the strength of the weld thus formed.
[0050] Upon welding, the yarn material in fabric edges
10, 12is at least partially melted and the edges are joined
or seamed as shown in Fig. 2(b), for example. Since the
yarn material from either or both edges melts and flows
into the interstices of the fabric upon welding, the weld
forms a welded area 18 as shown in Fig. 2(c), for exam-
ple.

[0051] Anexemplary device used in ultrasonic welding
of the present invention includes an ultrasonic welder or
what is generally referred to as an ultrasonic stack (or
acoustic stack) in the art. The stack consists of three
parts, namely the converter, booster and the horn. Aring
around the booster is where the stack is clamped within
the stack holder. A mechanical stop is set so that the
stack holder or clamp holding the neutral point of the
stack or ring of the booster is prevented from moving
downward any further from a point that is desired. When
the ultrasonic welder is ON, the tip of the horn vibrates
at certain amplitude above and below this set point. How-
ever, when the ultrasonic welder is OFF, then the me-
chanical stop is what sets a fixed distance between the
horn and anvil. For example, if parts 1 & 2 are to be
welded together, the stop is set to a predetermined height
based on the caliper of the parts and the depth of weld
desired. When the stack starts moving downwards, the
ultrasonic tip is OFF, and soon after the horn contacts
the samples, a predetermined load value is reached. This
load is measured by a pressure sensor, such as a load
cell for example, mounted on the stack housing. At this
point the ultrasonic energy is turned ON. It is to be noted
that at this point the stack housing (represented here by
the ring of the booster which is clamped into it) has not
contacted the stop. As welding continues, the heat gen-
erated by welding combined with the downward pressure
of the horn on the parts causes the caliper of the material
in the weld area to be reduced until the stack housing
hits the stop, thus preventing any further reduction in fab-
ric caliper. The ultrasonic energy, however, remains ON
and continues to weld. After the ultrasonic energy is
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turned OFF, the welded parts are typically held under
pressure for a predetermined amount of time to enable
them to cool and solidify together, which gives improved
physical properties such as strength to the weld area.
The stack then retracts, and the weld is complete.
[0052] Welding can be controlled using time, energy
or distance. For example, once a specific trigger force
has been met, the machine welds for a set amount of
time, or to a set amount of energy, or down a certain
distance into the fabric. The ultrasonic welding technique
produces a stronger bond with an acceptable amount of
yarn distortion and allows for consistent welding over the
entire width of the fabric because all the parameters for
welding have been fixed, as well as adding an additional
degree of control which makes for a much more robust
process with a larger window of acceptable processing
condition.

[0053] The distance between the horn and anvilis also
determined by the material that is to be welded. In one
embodiment of the invention, the material to be welded
is a fabric and the initial distance between the horn and
the anvil is equivalent to the fabric caliper or thickness.
[0054] The actual length of each weld in the MD de-
pends on the warp yarn and weft yarn dimensions and
their densities (number and spacing). The width of each
weld depends also on the filament diameter and the warp
or MD yarn spacing. The welded area can be made as
small as possible and still obtain the required seam
strength, and in order to maintain characteristics such as
texture and air/water permeability like in the fabric body,
and consequently in the paper or other product being
produced on the fabric.

[0055] The presentinvention also relates to improving
the seam using the methods described herein. Seams
formed by the ultrasonic welding process result in ben-
efits of shorter (as measured in the MD, or CD if using a
‘parallel’ loop seam) compared to conventional seams;
stronger seams; seams that reduce the potential for
sheet marking of paper, for example; and seams that
retain similar or the same air and water permeability as
the rest of the fabric body.

[0056] The presentinvention also relates to improving
the integrity of the seam. For example, when the fabric
is in use, it is important that the seam area maintain its
integrity while the fabric is running on a, for example,
paper or tissue machine. Maintaining the integrity of the
fabric seam increases the useful running life of the fabric.
Various seams for flat woven fabrics have been dis-
cussed, and the present ultrasonic welding technique can
be applied to seams, such as for example a pin seam,
wherein the MD yarns which form the seam loops them-
selves can be welded or fused to the CD yarns to prevent
them from pulling out under operating tensions in use,
thus improving the seam strength and durability.

[0057] The invention will now be further described by
way of the following non-limiting example. One exempla-
ry embodiment of the present invention is a method of
seaming an industrial fabric utilizing ultrasonic welding
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and laser drilling. According to this embodiment, the two
ends ofthe fabric are overlapped, and the amount overlap
varies according to the fabric seam strength required.
The fabric seam area could remain "as woven" with MD
and CD yarns, or one or both of the fabric edges could
have the CD yarns unraveled out of the area of the fabric
to be welded. The overlapping area consisting now of
two fabric layers is ultrasonically welded as described
under an applied load so that the final seam caliper is
equal to that of the single layer of original fabric. Fig. 2(a)
shows one exemplary embodiment of the present inven-
tion.

[0058] Fig. 2(b) shows a stationary plunge welding or
continuous welding with a beveled face horn or a rotary
horn that could be use to join the fabric ends.

The area of the bond becomes less permeable as mass
per area that is greater than that of the original fabric is
compressed to the desired thickness. As shown in Fig.
2(c), in the case where unraveled fabrics are used, the
density is double that of the original fabric.

[0059] According to one embodiment, a textured horn
20 could be used so that the area has the same topog-
raphy as the fabric. A textured anvil 30 may also create
the desired topography. Both the horn and the anvil could
have appropriate textures.

[0060] According to one embodiment, the horn 420
could have raised pins 450 to make indents where the
holes 424 are to be laser drilled, as shown in Figs. 9(a)-(c)
for example. Similarly, the anvil 430 can have raised pins
440 to make indents from the opposite side where the
holes 424 are to be laser drilled.

[0061] The weld area 418 can be, for example, laser
drilled to create permeability to air and/or water similar
to that of the original fabric. Holes 424 can be made per-
pendicular to the surface of the fabric or at varying angles
to more closely simulate the original fabric. Fig. 2(d), for
example, shows a schematic of a fabric seamed accord-
ing to one embodiment of the present invention having
an equivalent of 324 holes per cm2. On a seam 1 cm long
(MD) by 10m wide (across the fabric) with an area of
1000 cm?2, using a conservative drilling rate of 1000 holes
per second, it can take approximately 5.5 minutes of laser
drilling time to create the required holes 24.

[0062] Some benefits of the present welding method
are that the bond area will have similar or the same cal-
iper, topography, and permeability as the rest of the fabric
body. The welded seam may be more durable than con-
ventional seams throughout the life of the fabric. The
methods described herein could be used to produce pa-
permaking fabrics, including forming fabrics, press fab-
rics, dryer fabrics, engineered fabrics, through air drying
(TAD) fabrics, as well as a component of one of these
fabrics or any of the other papermaking, engineered or
industrial process fabrics/belts aforementioned above. It
could also be used for any other application where a bond
area that mimics the body of the fabric is desired.
[0063] This method can be used to create a spiral
wound fabric 100, for example, as taught in Rexfelt ‘656
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by:

1. Feeding a fabric strip in the direction of the black
arrow around two parallel rolls spaced apart (rolls
not shown) atan appropriate distance from each oth-
er, that distance being approximately one half the
final required length of the fabric/belt as shown in
Fig. 3, for example. The fabric strip would be fed into
the system to overlap the adjacent existing fabric
loop by some small amount (5¢cm or less). The initial
woven fabric can be overlapped as is or one or both
adjacent fabric edges layers could have some or all
of the MD or warp yarns raveled out for the distance
of the overlap.

2. Ultrasonically bonding at point A. This bond would
reduce the caliper of the 2 stacked layers of fabrics
to match the body caliper of the fabric itself. This
bond seam would be the width of the overlap of the
fabric strips (5cm or less). The ultrasonic horn
(and/or possibly the anvil) could have a texture on
its/their surface(s) to impart a pattern that would
mimic the surface of the surrounding fabric. Here the
overlapped fabric edges are placed between the
horn and the anvil before bonding. After bonding, the
caliper of the seam is the same as the body of the
fabric. But a top view, as seen in Fig. 2(c) for exam-
ple, shows that the holes have closed up with molten
material and permeability has dropped.

3. Laser drilling can be performed when the bonded
seam area from point A advances to point B. The
pattern and size of holes drilled could approximate
the voids in the fabric body. This method could be
used with either plunge welding (where the fabric
would index along in fixed length segments) or con-
tinuous welding, which would advance at a fixed rate.
It should be noted, however, that the hole sizes may
be equal to, less than, or greater than the hole sizes
within the body of the fabric. The size of the hole as
well as the hole density may depend on the perme-
ability desired in the welded area of the fabric.

[0064] It should be noted, however, that when making
an endless fabric by joining the adjacent edges of ’par-
allel’ fabric loops using the ultrasonic welding method
above, if the strips forming the fabric loops were flat wo-
ven requiring CD seams to make the loops endless, then
the CD seams in the loops could also be ultrasonically
bonded by the described method, and the seams could
be staggered or in line across the full fabric width (CD).
[0065] In another embodiment, a length of flat-woven
fabric with two CD edges folded back upon the fabric
body at each end. Some CD yarns may be raveled out,
exposing lengths of the MD yarns, which can form loops.
The loops from each CD fabric edge are then interdigi-
tated with each other to form a channel, and a pin or
pintle is inserted into the channel to form a seam. The
seaming loops can be formed by folding back a length
of the fabric at each CD edge around a pin, raveling out
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a plurality of CD yarns at the fold such that when the
fabric end is folded back the raveled area allows the MD
yarns to form loops, and the fold back fabric length is
attached to the body by ultrasonic welding described
above. The fold back can be in the range of 5-30cm. The
fold-back seam may be used to secure seaming coils
(one or one to each edge) inserted between the MD yarn
loops, and connected with pins or pintles to form a spiral
link seam. In either case, the fold back area may be bond-
ed to the fabric body prior to interdigitating of the loops
through the practice of the present invention.

[0066] Alternatively, the seam for flat woven fabrics
may be formed as a "pin seam," as known to those skilled
in the art, which requires reweaving of MD yarns into the
fabric body at each CD edge, and forming loops at each
CD edge. The loops from each CD edge are then inter-
digitated with each other and a pin or pintle is inserted
into the space to form a pin seam. In the alternative, spiral
coils can be connected to the loops via pintles or pins,
forming spiral link seams, as known to those skilled in
the art. Such fabrics can also be improved by the ultra-
sonic welding technique described herein. In such
seams, the MD yarns which form the seam loops them-
selves can be welded or fused to the CD yarns prior to
interdigitating of the loops to prevent them from pulling
out under operating tension in use.

[0067] Inone exemplary embodiment of the invention,
the horn 120 can have a small raised area, for example.
The horn and/or the anvil can be textured or smooth.
However, other configurations of large and small, tex-
tured, and smooth horns and anvils may also facilitate
welding the fabric ends to maintain the topography on
one or both sides of the fabric.

[0068] One exemplary embodiment of the present in-
vention is a method for joining the intermeshed fringe
yarns in a seam area, as shown in Fig. 4(d) for example.
According to this embodiment, both edges of the fabric
are raveled by removal of yarns in one direction and the
fringes yarns are meshed together. The ultrasonic horn
can be applied to one side, and an anvil to the other side.
A monofilament separate from the fabric edges being
welded can be added oriented 90 degrees to the fringe
yarns to the weld area as the seam is being made. The
monofilament can be welded into the fabric seam area
and spans the gaps made by raveling. One can see by
this method that if fabric spacing is accurately held at a
specific orientation, and the additional monofilament(s)
is (are) added into the join area accurately, and the ap-
propriate number of monofilaments are added, then a
seam is nearly indistinguishable from the body of the fab-
ric.

[0069] The method according to this embodiment can
be used with a single monofilament or multiple monofil-
aments added into the weld area. The monofilament
yarn(s) can be added on the horn or anvil side of the weld
as desired. An anvil or horn with a ridge, as shown, or
with groove(s) to hold the added in monofilament yarn(s)
can be utilized in the practice of the invention.
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[0070] As shown in Fig. 2(c), the horn has a smooth
surface on the face of the raised area which would result
in having a fabric weld with a smooth flattened area. How-
ever, if maintaining the original topography or shape of
the filaments is desired, a textured raised area could be
used. This method is a way to achieve a controlled depth
weld with extended weld times without using a mechan-
ical stop. This method could also be used in cases where
a mechanical stop may not be feasible.

[0071] The invention according to another embodi-
ment is a method for creating a seam with texture and
permeability by overlapping two edges of the fabric by a
small amount, e.g. 20cm or less, 10cm or less, or pref-
erably 5¢cm or less. The fabric edges can be overlapped
as woven or one or both layers could have some or all
warp or weft yarns raveled out in an edge portion of the
fabric. The next step involves ultrasonically bonding the
overlapped fabric edges, which would reduce the caliper
of the two stacked fabrics to match the body caliper of
the fabric itself. This bond area (seam) would be the width
of the original overlap of the fabric edges.

[0072] The ultrasonic horn and/or the anvil can have a
texture on their surface to impart a pattern that would
mimic the surface of the fabric body.

[0073] According to one embodiment, during the hold
time, a mechanical force (cam, linkage, or air pressure)
causes a series of stamps or projections 240 (flat, point-
ed, cylindrical, rectangular, etc.) which are embedded in
either horn 220 or anvil 230 to extend outwards, through
the fabric, and into dies on the opposite part 250, as
shown in Fig. 7(a) for example. In doing so, the projec-
tions 240 compress a small section of material 218 be-
tween the opposing projections, which may or may not
touch each other when the horn and anvil are brought
together where the focused ultrasonic energy quickly
melts the material 218 and causes it to flow out of the
region between the projections, leaving a hole or void
224 straight through the fabric 260, as shown in Fig. 7(f)
for example. As shown in Figs. 7(b)-(d), these stamps
would be located so that they correspond to the pattern
of the texturing anvil, i.e. the holes created are where
there would be permeable channels in the unwelded fab-
ric. Another possibility is that the material 218 impinged
between projections may not fully melt and a thin film
may remain. In this case, some other energy (com-
pressed air, chemically dissolving, laser energy) may be
used to remove the film in a later step, as shown in Fig.
7(e) for example.

[0074] The shapes of the formed voids could be round,
oval, square, triangle, trapezoidal or any other shape suit-
able. Air pressure can be employed to retract the stamps
240 as well as to remove the polymer slugs and separate
the horn 220 and the anvil 230. Alternatively, the slugs
could be blown back through the dies to create a seam
with the caliper, texture, and permeability similar to that
of the fabric body.

[0075] According to one exemplary embodiment, in a
subsequent later step, alaser or other mechanical punch-
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ing/piercing/drilling method is used to make holes in the
welded area described above, to either remove a portion
of the melted material and restore the localized perme-
ability in that area to what it was before welding, or even
to remove some material from the interstices between
the yarns to make the local permeability in the welded
seam area similar or the same as that of the rest of the
fabric body.

[0076] However, one negative effect of welding sepa-
rately may be that the voids and channels in the fabric
close up with molten material while under pressure, and
a subsequent operation (laser drilling, etc.) is required to
create holes and open the fabric to restore permeability
in the seam area to match that of the body of the fabric.
This subsequent operation could sometimes be time con-
suming, costly, difficult to align with the texture of the
fabric so that holes are created exactly where they are
wanted, and the heat that is put into the fabric could be
detrimental to its strength.

[0077] Therefore, according to one exemplary embod-
iment, the methods of the present invention can also be
adapted to where the ultrasonic energy both bonds the
two adjacent fabric edges to each other and removes the
bonded material in one single apparatus, as shown in
Figs. 8(a)-(e) for example, where pins or projections 340
can be employed on a fabric contacting surface of the
horn and/or anvil to create through holes that allow pas-
sage of fluids such as air and water through the fabric
seam area.

[0078] Some examples of methods described in the
above embodiments are as follows:

Example 1

[0079] Using a 40 kHz ultrasonic welder with texture,
a TAD fabric was exposed to a 500 ms weld time and a
1 second hold time (i.e. after welding the textured horn
stays in the welding position for 1 second before raising
the horn) with a 40 micrometer amplitude. The gauge
pressure on the seam area was 144 kPa and the trigger
force (TRS) was 111 N.

[0080] The result of the process is a TAD fabric with a
stronger seam area compared to conventional seams,
and which has the texture and permeability that is similar
to or same as the rest of the fabric body.

[0081] Although the above embodiments are de-
scribed with reference to woven fabrics, the present in-
vention is not limited as such. For example, the methods
described above may be used to seam industrial fabric
substrates made from nonwovens, films, MD or CD yarn
arrays, or a combination of these structures with woven
fabrics. Similarly, some embodiments are directed to
forming seams in the cross-machine direction (CD), the
invention is not limited as such. The methods described
herein may be applicable to seams formed in the machine
direction ("MD") as well.

[0082] As understood by one of ordinary skill in the art,
fabrics such as PMC fabrics and engineered fabrics typ-
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ically comprise monofilament strands or yarns made of
polymers such as polyester, polypropylene, polyamide
and polyether ether ketone. However, the fabrics pro-
duced according to the above embodiments are not lim-
ited as such, and any polymeric material known to one
of ordinary skill in the art may be used in the practice of
the invention.

[0083] Thus the present invention its objects and ad-
vantages are realized, and although preferred embodi-
ments have been disclosed and described in detail here-
in, its scope and objects should not be limited thereby;
rather its scope should be determined by that of the ap-
pended claims.

Claims

1. Anindustrial fabric having a length and a width, the
fabric comprising:

a first edge of the fabric overlapped with a sec-
ond edge of the fabric by a predetermined dis-
tance;

wherein at least a portion of the overlapped area
is welded using ultrasonic energy, and wherein
the welded area has a texture or pattern similar
to that of the fabric body.

2. Thefabricofclaim 1, wherein the predetermined dis-
tance is 20 cm or less, 10cm or less, or preferably
5cm or less.

3. The fabric of claim 1, wherein the welded area is a
seam area of the fabiric.

4. Thefabric of claim 3, wherein the welded seam area
has a caliper similar to or same as that of a body
portion of the fabric.

5. The fabric of claim 1, wherein the texture or pattern
is an impression mirroring or mimicking a weave pat-
tern of the body portion of the fabric.

6. The fabric of claim 1, wherein the fabric is produced
by interweaving a plurality of warp yarns with a plu-
rality of weft yarns.

7. Thefabricof claim 6, wherein the fabricis aflatwoven
fabric, or a fabric produced by spiral-winding a fabric
strip of woven yarn material; or, the fabric comprises
flat woven strips of material with MD seams in adja-
cent edges of parallel loops of the fabric.

8. The fabric of claim 1, wherein one or more yarns are
unraveled from the first and/or second portions of

the fabric before welding.

9. The fabric of claim 1, wherein the first and second
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edges of the fabric are widthwise edges or length-
wise edges of the fabric.

The fabric of claim 9, wherein the fabric comprises
flat woven strips of material with MD seams in adja-
cent edges of parallel loops of fabric.

The fabric of claim 10, wherein the parallels loops of
the fabric comprise CD seam areas.

The fabric of claim 11, wherein the CD seam areas
in the parallel loops of fabric are aligned or staggered
in the MD.

An industrial fabric comprising:

a plurality of MD yarns interwoven with a plurality
of CD yarns to form a flat woven fabric having
two MD edges and two CD edges;

said fabric having seaming loops at the CD edg-
es of the fabric;

wherein at least a portion of the seam area of
the fabric is placed between an ultrasonic horn
and an anvil; and the portion of the seam area
is welded by applying ultrasonic energy,
wherein a fabric contacting surface of the horn
and/or anvil is textured or patterned.

The fabric of claim 13, wherein the flat woven fabric
comprises woven back MD yarns forming the seam-
ing loops at widthwise (CD) edges of the fabric.

The fabric of claim 13, wherein the seaming loops
are formed by folding back a length of the fabric at
each CD edge around a pin, raveling out a plurality
of CD yarns at the fold such that when the fabric end
is folded back the raveled area allows the MD yarns
to form loops, and the fold back fabric length is at-
tached to the body by the welding step.

The fabric of claim 15, wherein the fold back is in the
range of 5-30cm.

The fabric of claim 15, wherein the fabric seam com-
prises a pin seam or an inline spiral seam.

The fabric of claim 1, further comprising one or more
through voids in the welded seam area of the fabric.

The fabric of claim 18, wherein the one or more
through voids are created by laser drilling or mechan-
ical punching.

The fabric of claim 1, wherein air and/or water per-
meability of the welded seam area of the fabric is

similar to or same as that ofthe rest of the fabric body.

The fabric of claim 1, wherein the fabric is a is a final
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structure, or a component structure for use in a final
fabric selected from the group consisting of: a form-
ing fabric, press fabric, dryer fabric, through air dryer
(TAD) fabric, shoe press belt (long nip or LNP), trans-
fer or calender belt, an engineered belt used in the
production of nonwovens by processes such as air-
laid, melt blowing, spunbonding, or hydroentangling,
corrugator belt, textile finishing belts such as sanfor-
izing or calendaring belts, tannery belts, pulp-form-
ing or pulp-pressing belts, dewatering belt on a dou-
ble-nip-thickener (DNT) machine, or sludge dewa-
tering belts.

The fabric of claim 13, further comprising one or more
through voids in the welded seam area of the fabric.

The fabric of claim 13, wherein air and/or water per-
meability of the welded seam area of the fabric is
similar to or same as that of the rest of the fabric body.

The fabric of claim 13, wherein the fabric is a is a
final structure, or a component structure for use in a
final fabric selected from the group consisting of: a
forming fabric, press fabric, dryer fabric, through air
dryer (TAD) fabric, shoe press belt (long nip or LNP),
transfer or calender belt, an engineered belt used in
the production of nonwovens by processes such as
airlaid, melt blowing, spunbonding, or hydroentan-
gling, corrugator belt, textile finishing belts such as
sanforizing or calendaring belts, tannery belts, pulp-
forming or pulp-pressing belts, dewatering belt on a
double-nip-thickener (DNT) machine, or sludge de-
watering belts.
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